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Abstract—Installing grid-connected photovoltaics (GCPV) at 
telecommunication company (Telco) base stations along 
highways, and providing electric vehicle (EV) charging facilities 
at strategic locations such as highway-side base stations offers a 
synergistic solution to both 1) displacing engine emissions using 
electricity from a renewable energy source, and 2) providing 
more highway EV charging stations for long distance EV driving.  
Strategically placed hillslope EV discharge stations would also 
offer EV users travelling downhill for long distances to sell their 
EV battery energy obtained from regenerative braking to the 
grid, freeing up the needed battery capacity to continue downhill 
with regenerative braking rather than losing it due to an already 
fully charged battery. This paper explores potential cost-benefits 
for investments in (i) highway-side Telco base stations with 
GCPV systems and EV charging stations as an additional source 
of revenue, and (ii) investments in EV discharge stations along 
hillslopes for EV users to sell battery energy from regenerative 
braking.  The methodology used to gauge annual demand of new 
EV charge stations was by observation of existing highway-side 
EV charge station usage rates, estimating growth of EVs and 
charge stations, and reference to existing literature on EV 
charging tariffs, local electricity costs, and sizing/costing 
electrical equipment needed for the base station upgrade. To 
verify discharge kWh calculations from downhill descent 
regenerative braking, a downhill test drive of a Plug-in Hybrid 
Electric Vehicle (PHEV) was done. To discourage non-charging 
EVs remaining parked at charger units, a design framework 
involving remote charger unit monitoring, reservation, 
messaging and automated financial incentives is also presented.  
Keywords—EV charging; EV discharging; photovoltaics; 
Telco; base station 
I. INTRODUCTION AND RESEARCH GOALS 
The use of photovoltaics (PV) to charge Electric Vehicles 
(EVs) and Plug-in Hybrid Electric Vehicles (PHEVs) are 
considered a utopia for sustainable energy utilisation [1].  Due 
to falling costs of photovoltaics [2], capability of controlled EV 
charging to support/reduce peak demand [3]-[5], and profit 
opportunities for EV charging [6], [7], vertically integrated 
petroleum companies are also investing in public EV charging 
stations at retail petrol stations [8].  
Telecommunication base stations owned and operated by 
telecommunication companies (Telcos), often located 
alongside major roadways and highways ([9] and Fig. 1), are 
electrically grid-connected, have an existing distribution cable 
route for ampacity upgrades, and have backup power supplies 
to ensure power during grid outages.  It is proposed that 
roadside Telco base stations thus have existing locational and 
power equipment synergy to provide EV charging, whist 
earning the Telco another line of business profits. 
 
Fig. 1. Map of Telco base station ID No. 5977 off northbound lane of North-
South highway near Slim River, 100km north of Kuala Lumpur; taken from 
[9]. Inset: view of the Telco base station tower taken from [10].  
An additional beneficial feature proposed for EV charging 
stations along downhill routes of long hillslopes is a 
discharging function, i.e. strategically located bidirectional 
charge stations.  This would allow EVs that have fully charged 
batteries from downhill regenerative braking to discharge 
battery energy to the grid and/or local discharge station battery, 
freeing up EV battery capacity to allow continued use of 
regenerative braking for the remaining downhill journey. The 
discharge station would also earn revenue for the EV user, 
essentially from selling energy generated by the EV’s downhill 
descent.    
This paper firstly explores potential cost-benefits of Telco 
base station utilisation for EV charging. With a goal of 
maximising displacement of carbon emissions, grid-connected 
photovoltaics (GCPV) hypothetically installed at the base 
station identified in Fig 1 will be taken as a sample Telco base 
station design upgrade to EV charging capability. This base 
station was selected as an ideal location due to: 
• Its convenient location about 100km northbound along 
the North-South Highway from Kuala Lumpur towards 
Ipoh and Penang, i.e. about halfway between the official 
range limit of the 20 – 24kWh usable capacity of first 
generation Nissan Leaf and Renault Zoe EVs. 
• Proximity to 3-phase power supply at a substation about 
900m away, also powering the Slim River Hospital. 
Secondly, this paper explores potential cost-benefits from 
an EV discharge station hypothetically located along the 
downhill route from Resorts World Genting toward Genting 
Sempah. The change in elevation along this route’s descent is 
shown in Fig. 2.  
 
Fig.2. Elevation and descent gradient between Resorts World Genting and 
Genting Sempah, taken from [11]   
 
Fig. 3. Estimation of EV/PHEV potential energy converted to battery kWh via 
regenerative braking, and possible discharge revenue [7] earned using 
example of a BMW 330e descending from Resorts World Genting toward 
Genting Sempah. 
 
Fig. 4. Optimal location of discharge station using example of a BMW 330e 
descending from Resorts World Genting toward Genting Sempah taken from 
[15]. Inset: Retail petrol station, taken from [16], conveniently located 
adjacent to a rest/relaxation area, for EV/PHEV discharging and charging. 
Using the change in elevation and vehicle gross weight, 
preliminary calculations shown in Fig. 3 indicate that a PHEV 
battery with 5.7 kWh usable energy, such as the one used on a 
2016/7 BMW 330e, considering 50% to 90% charge 
conversion losses, would be fully charged from near empty 
between 17 km to 31 km downhill [12]-[14]. This makes the 
highlighted region in Fig. 4 an ideal location for a discharge 
station. 
II. LITERATURE REVIEW 
A. Photovoltaic Use at Telco Base Stations 
There are already working, practical examples of 
photovoltaics supporting Telco base station power, e.g. [17] 
and [18]. Simulations by [19] and [20] have also indicated 
profitability from installing GCPV systems to support base 
station power demand, with resulting savings in electricity bill 
costs.  However, as of this research paper’s date (2017), Feed-
in-Tariff (FiT) quotas offered by the Malaysian Sustainable 
Energy Development Authority (SEDA) for solar PV systems 
have been exhausted [21]. Hence, new GCPV installations are 
only cost-beneficial by supporting the electrical load of the 
installation’s user, and can only earn income at regular tariff by 
exporting to the grid, provided there is a Net Energy Metering 
(NEM) agreement in place [22]. 
A sample Malaysian base station by [23] indicates each 
cabin may have two air conditioner units, which contribute to 
the average base station power demand of 4 kW indicated by 
[24].  It is thus noted that new GCPV installations for similar 
base stations in Malaysia without battery storage and without a 
NEM agreement should be less 4kWp, because generating 
more than this during peak sun intensity will export to the grid 
for free instead of offsetting base station demand. 
There have been few published reports of actual savings 
from the installation of GCPV systems at Telco base stations, 
although [24] indicates that GCPV systems may have 
contributed in some way to reduce average base station 
electricity cost by 11% between 2008 – 2011 
B. Bidirectional Charging Station for EVs/PHEVs Operating 
at Hillslopes 
Bidirectional chargers [25] allow EVs/PHEVs to discharge 
their traction battery to power households.  It also allows 
PHEVs/EVs to discharge kWh partway down hillslope 
descents, should its battery become full from regenerative 
braking during the descent.   
The risk of losing EV regenerative braking once the battery 
has become full from downhill braking has been addressed by 
General Motors in their Chevrolet Bolt EV, where the user can 
set “Hilltop Reserve” charging to ensure the traction battery 
has sufficient empty capacity to provide regenerative braking 
during prolonged downhill descent [26].   
The 2018 Nissan Leaf will also incorporate a “Hilltop 
Reserve” function. It is salient to note that users of older 
Nissan Leaf models have reported that driving downhill with a 
fully charged EV traction battery results in loss of 
motor/regenerative braking; a potential safety issue should the 
brakes start to fade [27]. 
Strategically placed discharge stations along hilltop 
descents will provide EV/PHEV users the option of 
discharging fully charged traction batteries without needing to 
operate in “Hilltop Reserve” mode, and getting paid for the 
kWh discharged to the grid or local battery energy storage.  It 
is envisaged that the discharge station will have bidirectional 
charger(s), enabling it to also charge ascending EVs/PHEVs. 
III. METHODOLOGY 
The cost benefit methodology executed for Telco base 
station upgrades and hill slope bidirectional charge stations are 
described in [28]; namely, to estimate Net Present Value 
(NPV) and Internal Rate of Return (IRR). 
A. Telco Base Station Upgrade to Grid-Connected 
Phtovoltaics and 22kWh Electric Vehicle Charger(s) 
To obtain a 4kWp GCPV system capital cost, an averaged 
price for monocrystalline PV panels quoted by three Malaysia-
based contractors [29], [30], [31] between 2014 – 2017 was 
taken, resulting in a cost of about US$8200 for a grid-
connected 4kWp system. This Capex cost estimate figure is 
corroborated by [32]. US$3000 was taken as cost for a 22kW 
EV charger [7]. Local electricity tariff costs of USD0.11 per 
kWh were taken for the first 200kWh offtake, and USD0.12 
per kWh for subsequent kWh units [33]. 
For 22kW charger(s), the Telco base station would also 
require a distribution system upgrade from single-phase to 
three-phase power. This calls for a three or four core cable 
from base station to nearest substation, about 900m away. 
Using nominal three phase voltage of 400V, and a total base 
station load 26kW including EV charger, solving for current in 
(1) yields about 44.2A. 
 P = pf × √3 × V × I 
where P is 26kW total load, pf is the power factor, taken as 
0.85, V is 3-phase voltage, and I is 3-phase current. 
Sizing the cable to this ampacity based on IEE Wiring 
Regulations for less than 2.5% voltage drop [34], a three or 
four core 185mm2 cable would be sufficient for the three-phase 
system upgrade, budgeted at US$60 per meter [35]. Since the 
185mm2 cable is already slightly oversized and cables usually 
direct buried, cable derating factors to account for ground 
temperature and thermal conduction are relatively marginal and 
can be ignored. Cable burial labour cost of US$16 per meter is 
also included [36]. 
Another costing scenario involves use of 11kV local 
transformers sited locally at the base station to save on Low 
Voltage (LV) cable cost between base station and nearest 
substation. Two transformers are recommended to allow for 
single transformer shutdown maintenance while allowing 
continued use of the EV/PHEV chargers. Cost estimates 
include 11kV transformer [37]–[41], switchgear [42], LV 
switchboard [43], fault current protection [44], [45] and 
compact substation [46]. 
For both LV and 11kV costing scenarios, cabling for each 
charger, transformer and local switchboard/switchgear is 
allocated [47], [48]. Sizing of equipment, summarised in Fig. 
5, took into account load diversity factors [49]. 
 
Fig. 5. Sizing and cost of equipment in the cost-benefit analysis and exercise. The different charger amounts were based on iterations in an effort to arrive at an 
optimal amount, based on predicted demand over 20-30 years 
 
Fig. 6. Methodology to estimate EV/PHEV charge station annual demand 
Utility connection charge [50] for three-phase power from 
nearest available substation is budgeted at US$2000 [51]. 
Competent person installation and testing labour costs are 
estimated at US$1500 for each transformer and Medium 
Voltage (MV) switchgear panel and US$800 for the entire LV 
switchboard [52]. Earthing installation and testing costs are 
taken to be US$700 [53]. 
The Telco base station will also require Capex for highway 
exit and entry ramps of lengths 162m and 366m respectively 
[54], translating to a cost of about US$1.06 million per km for 
double lane ramps (or a single lane with adjacent parking lane), 
or about US$0.53million per km for a single lane only [55].  
Omitted from the cost estimates are any additional land 
acquisition costs, Goods and Services Tax (GST), concrete 
plinths, stanchions/hoods for chargers, lighting, and fees for 
design consultants, customs and freight forwarding. 
To recoup the above investment, an estimate of charge 
station usage is required. As of this report’s preparation, at 
least 10 EV/PHEVs have been observed using a highway-side 
EV station at Solaris Serdang, each vehicle remaining 
connected for at least two hours [56]. Conservatively taking 
each charge as a half-charge of a 20kWh EV, this translates to 
about 100kWh offtake per week.  Applying the range of tariff 
rates per 10kWh willing to be paid by EV users surveyed by 
[7], this translates to between US$12.26 – US$49.04 revenue 
per week in 2017. This translates to US$0.13 – 0.49 per kWh, 
i.e. comparable to rates in other cities [57]. 
Allowing a year for construction, the upgraded base station 
GCPV and EV/PHEV charging would start earning revenue in 
2019. Revenue from the GCPV system is calculated from [58]. 
An estimate of EV/PHEV demand is based on annual market 
share increases [59], [60] and cumulative amounts of 
EVs/PHEVs calculated predicted to be on the road, which in 
the Malaysian context will be based on the number of cars, 
vans and trucks currently registered in Malaysia [61]. 
Decommissioned vehicles were not taken into account for the 
annual cumulative estimates. 
For the number of EV/PHEV units added annually to roads, 
the definition by [59] was taken, i.e. “EV” technically includes 
PHEVs. 
For the number of “charge stations” nationwide, one charge 
station was literally taken to mean a single charger unit, 
including charger units bundled with EVs for home 
installation. No charge units were counted for PHEV sales. As 
of this study’s date, charger units are not included in PHEV 
prices within Malaysia, only as an optional extra.  
In addition to charger units bundled with new EVs, three 
charger units were taken to be installed per week at five 
locations annually. This is based on the author observing the 
construction of three PHEV charger units installed at Bangsar 
Shopping Centre in 2017, which took about a week, and the 
fact there are five major petrol/diesel distribution/retail 
companies in Malaysia.  
A summary of the methodology to estimate annual charge 
demand is shown in Fig. 6.  
Since the Telco base station and charge station will have 
GCPV, the monetary value of PV energy generated [58], based 
on existing and historical tariff escalation rates [62] will also be 
taken into account as annual revenue. 
An IRR considered attractive to private sector investment is 
taken to be 12 – 18% [63]. 
B. Bidirectional Charging Station for EVs/PHEVs Operating 
at Hillslopes 
Capital cost for a 60kW EV bidirectional charger, required 
for EV battery discharging, is taken as US$24000 [64]. Costs 
for three-phase cabling, utility connection charges and 
roadworks are ignored because there exists a convenient retail 
petrol station within the estimated location of optimal 
discharging (Fig. 4) that already has roadworks, ample parking 
space and a three-phase distribution system for the petrol 
station’s retail air conditioning and pumps. 
As of this study’s date, there were no discharge stations or 
bidirectional charge stations installed in Malaysia, thus no 
usage data was found. However, analogous to the hypothetical 
charge station location shown in Fig. 1, the Fig. 4 location is 
also next to an interstate highway, and is thus taken to have a 
similar annual demand rate for charging EV/PHEVs. 
A test drive of a rented BMW 330e PHEV was attempted 
downhill along the route indicated in Fig. 4 to verify the 
calculation results in Fig. 3.  
The kWh generation results from the test drive were then 
added to revenue of a hypothetical bidirectional charge station 
to verify if the bidirectional charger investment would be cost-
beneficial. 
If found not cost-beneficial, an estimate could be done to 
gauge how much lower the bidirectional charger cost should 
fall to make it cost-beneficial. 
IV. FINDINGS 
A. Telco Base Station upgrading to Grid-Connected 
Phtovoltaics and 22kWh Electric Vehicle Charger(s) 
A comparison of Capex indicated that 11kV distribution 
between utility substation and charge station switchgear was 
preferable to LV distribution, i.e. the cost 11kV transformers, 
switchgear and 16mm2 11kV cable cost less than the 900m 
185mm2 LV cable (Table I). 
TABLE I: COMPARISON OF CAPEX FOR BASE STATION UPGRADE TO GCPV 
AND EV/PHEV CHARGING 
Capexa 11kV distribution LV distribution 
Case of 20 charger units US$467,050 US480,604 
a. Excluding any land acquisition, GST, concrete plinths, stanchions/hoods, lighting, and fees for design 
consultants, customs and freight forwarding 
 
Following Section IIIA’s methodology, estimated 
EV/PHEV and charger unit numbers are shown in Fig. 7. NPV 
and IRR, shown in Fig. 8, indicate that NPV and IRR over 20 
years are not cost-beneficial. Over 30 years, the investment 
maybe considered cost-beneficial; however, the use rate for 
each charger may not be practical because meeting the 
demand utilisation from 2040 onwards calls for increasing use 
of the charger at night (Table II), which may likely 
inconvenience users and/or result in charger unavailability due 
to already being in use.  Increasing the number of chargers 
however, sacrifices NPV and IRR, making the investment 
undesirable again.  
 
Fig. 7. Estimation of EV/PHEV and charger unit numbers. 
TABLE II: ESTIMATION OF THE NUMBER OF TIMES A 22KW CHARGER IS USED 
FOR 1-2 HOURS OVER 24 HOURS 
Year 2040 2050 




Fig. 8. Estimation of revenue, NPV, IRR for Telco base station upgrade to 
have a 4kWp GCPV system and twenty 22kW EV/PHEV charger units. 
Historical petrol proce increases were taken from [65]. NPV is calculated 
based on a 12% discount rate. 
 
A possible solution to minimize charger unit “idle 
hogging” is an online application or system (Fig. 9) that 
monitors, schedules and reserves (“books”) available chargers, 
and imposes reasonable financial penalties on users who: 
• Do not start using their reserved charger within an 
appointed time frame, (e.g. 15 minutes), or  
• Do not remove their EV/PHEV once charging is 
complete (e.g. within 5 minutes). 
Recommended design features for the charger reservation-
sceduling system include: 
•  Not accepting a booking that exceeds a declared 
battery’s kWh calculated charge duration; 
•  Charge card numbers required to make bookings, 
linked to the user’s battery kWh; 
•  Messaging users about fines both five minutes before 
and after the fine is triggered; 
•  Fines per location adjusted just enough to deter abuse 
of charger bays, i.e. non-charging EV users parked at 
charge bays fined at rates significantly higher than the 
nearest parking alternative; 
• Each charger having a suitable sensor to detect EV 
presence and vacation. 
 
Fig.9. Design framework for EV Charger Scheduling and Reservation System. 
As an alternative to automatically fining users for late EV 
removal, blocking other users, the system could apply a virtual 
tally of “karma points”, e.g. 1 point if user disconnects/vacates 
within 5 minutes of completed charge, ramping proportionately 
to 5 points for vacation within 1 minute. If vacation is after a 5-
minute grace period, one point is deducted per minute. Year-
end points would be exchangeable for either EV charging 
credit or cash at rates based on predicted usage rates and/or 
available annual profit. Users with negative points will have 
credit deducted at that year’s cash exchange rate. 
B. Bidirectional Charging Station for EVs/PHEVs operating 
at hillslopes 
Petrol/diesel filling stations already have three phase power 
systems to cater for peak load demand between 100kW - 
1000kW [66]. A single 22kW charger can be added at minimal 
cost, e.g. US$8200 [8], and would be a beneficial investment 
even without charge tariff escalation, i.e. only petrol price 
escalation (Fig. 10, Genting Sempah case).  
For the 5.7kWh PHEV downhill regenerative braking test 
drive, only about 1kWh was generated, based on the single bar 
out of six that appeared downhill at the Genting Sempah area. 
This could have been due to low profile tire friction, speed 
bumps that caused disc brakes to engage, and possibly the way 
the downhill route was designed: zig-zagging to maximise 
cornering friction. At 1kWh, most drivers may not bother to 
discharge at Genting Sempah; only charge, i.e. there would be 
no full-battery from regenerative braking safety reason to stop. 
 
Fig.10. Estimation of revenue, NPV, IRR for Telco base station upgrade to 
have a 4kWp GCPV system and twenty 22kW EV/PHEV charger units. Flate 
rate charge tariff is US$0.49/kWh. NPV is based on a 12% discount rate. 
Possibly a more feasible case would be the 4267m Pikes 
Peak downhill drive [67].  Roughly four times the drop of Fig. 
4’s drive, it could possibly charge the 5.7kWh PHEV battery to 
near full. A hypothetical full revenue-to-discharge station 
owner estimate is shown in Fig. 10 (Pike’s Peak case), where 
the fraction of PHEVs to EVs using the charger is taken as 
27.5%. The discharge revenue does not justify the additional 
cost of the 80kW bidirectional charger however; it would have 
to drop to less than half its existing price to be cost-beneficial.     
V. CONCLUSIONS AND RECOMMENDATIONS 
Telco base station modifications to have GCPV systems 
and EV charge stations may be cost-beneficial over a 30-year 
period. Where possible, higher kW chargers and charger status 
monitoring and reservation software involving financial 
incentives should be used to minimize time wastage caused by 
EVs/PHEVs fully charged but remaining parked at charger 
units, causing charger unavailability to other users. 
Downhill descent discharge stations with bidirectional 
chargers are not cost-beneficial in Malaysia due to relatively 
low elevations of mountain driving routes there. It may be cost-
beneficial at other countries having higher elevation mountain 
drive routes. 
Due to varying distribution systems, substation proximities 
and FiT quotas, cost-benefit studies and decision-making for 
EV charging projects should be done on a case-by-case basis. 
For sites studied in this paper, adding a GCPV system to 
contribute energy for EV charging actually reduces project 
financial attractiveness (Figs. 8 and 10). In the interest of 
increased carbon emissions displacement from the 
transportation sector, energy security, and monetisation of 
available line-of-sight to sun area, it is suggested that EV 
charge station projects with GCPV systems be given incentives 
such as tax exemptions and higher FiT rates.  
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